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I. Introduction
A helmet is generally worn in the field by soldier, police, firefighter, forest worker, and motorcycle rider, etc. The helmet-mounted antenna is the only antenna carried, borne, or worn by them that can possibly have a true and stable omnidirectional radiation pattern because of its uniquely high and unobstructed field of view and its stable orientation independent of the posture and movement of the wearer (since the head is generally held upright). However, the helmet antenna must compete against other helmet-mounted applications for this premium location. It must also have minimal weight, size, radiation hazard, and be wearable. Fundamentally, it must compete against whip and vest antennas on every aspect, including costs. 
To be allowed a permanent spot on the precious location of a helmet, the antenna must as a rule be broadband/multifunction. In the open literature, Wang et el [1-2] reported a smart broadband helmet antenna, which appears to be the first smart personal antenna developed. Adams et el [3] discussed a 0.5-2.0 GHz helmet antenna. Lebaric and Tan [4] described the development of a 0.3-3.0 GHz helmet antenna. Recently, Wu et al [5] reported a helmet antenna for UWB (Ultra-Wideband) systems based on an Archimedean spiral. To our knowledge, these helmet antennas are in their early stage of development, with electrical and physical performance grossly below the expectations of the user community. This paper reports a broadband helmet antenna whose brassboard models have been extensively tested and evaluated with satisfactory results [6]. 

II. The Inside Helmet Antenna 
The helmet today is invariably made of some dielectric material; the “hard hat” is generally made of strong plastics and kevlar has replaced steel. As a result, the approach of “inside helmet antenna” (antennas mounted on the interior surface of the helmet) is chosen in this design.

Fig. 1 shows the cross-sectional view of the design concept. The technological foundation of this type of helmet antenna rests on the SMM (spiral-mode microstrip) antenna [7, 8] and the SW (slow-wave) antenna [9], both of which are traveling wave antennas capable of multioctave bandwidth. The height h is less than 0.5 inch. Generally, an omnidirectional or hemispherical pattern coverage is desired. In this paper we will focus on omnidirectional helmet antennas, which can also be used for hemispherical coverage in certain applications.
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        Fig. 1. The inside helmet antenna.
III. RF Performance of the Integrated Helmet Antenna 
Several antenna models, retrofit into existing helmets, have been developed and tested in labs and fields at WEO and other installations. A set of test results is presented here. Fig. 2 shows measured SWR of the helmet antenna integrated into a standard Army kevlar helmet, as shown in Fig. 1.  As can be seen, the SWR is below 3:1 over the band of interest (1.350 GHz to 2.700 GHz), with the exception of a larger mismatch centered on about 2.28 GHz.  


Although the SWR is fair for most applications, it remains to be improved. Based on the achievement reported in [10], where a 10:1 bandwidth with SWR<2 was demonstrated, further improvement in impedance matching is feasible for this helmet antenna.

This helmet antenna has desirable broad-beamed omnidirectional radiation patterns over the designated design frequency range of 1.350 GHz to 2.700 GHz, as shown in Fig. 3 by their representative elevation and azimuth patterns (with the helmet in the usual upright orientation and the z axis pointing to the zenith). 
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Fig. 2.  Measured SWR.
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Fig. 3.  Typical measured elevation and azimuth radiation patterns.
The patterns are fairly symmetrical in azimuth even though the helmet is physically not symmetrical in the azimuth plane.  The elevation patterns are broader than a typical whip or monopole antenna. This is generally a desirable feature since it accommodates a wider range of helmet or head orientations. Additionally, the broad elevation coverage can be utilized in applications that call for hemispherical coverage yet can tolerate a pattern dip in zenith.
The gain of this antenna is fairly good, as will be discussed in the next section in comparison with the performance of a standard whip antenna commonly in use. Therefore, it is fair to state that this antenna is quite efficient, that the loss due to the helmet is estimated to be less than 1 dB, and that further impedance matching would enhance its gain by 0.2 to 1.2 dB, depending on the specific frequency.
IV. Key Advantages of This Helmet Antenna over Whip antenna 
The yardstick for RF performance is generally set by the whip antenna. Fig. 4 illustrates some key advantages of this helmet antenna over a common whip antenna. The helmet antenna’s performance advantage is its omnidirectional azimuth gain pattern coverage, versus the whip’s 20 dB null due to body blockage, as shown in the figure. The second is the wide bandwidth versus the whip’s narrow resonant bandwidth.
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Fig. 4. Advantages of the helmet antenna over a common whip antenna.

The weight of the whole antenna assembly, including the feed cable and snap-on connector, is about 4 oz, but can be reduced to a couple of oz. Although the feed cable assembly is objectionable to some users, it gained acceptance recently due to the establishment of other helmet-mounted devices, most of which carry a cable connection. 
The helmet antenna is more rugged and safer (having lower radiation hazard and “softer” structure) than the whip antenna. Its compatibility with other helmet-mounted gears is illustrated in Fig. 5.  The helmet antenna needs only a circumferential band, as marked in stripes in Fig. 5, near the top of the helmet, which is clear of obstructions so that electromagnetic waves can radiate omnidirectionally.  Any object on the “forbidden zone” will interfere with the radiation.  However, the interference by such objects is usually not detrimental, since the electromagnetic wave does not require an absolute “line-of-sight” connection as an optical link would.
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Fig. 5.  Annular zone on helmet clear of obstructions for optimal performance.
V. Conclusion 
A new class of helmet antennas with omnidirectional pattern has been developed. Its radiation performance is considerably superior to that of conventional resonant whip antennas for terrestrial field applications ― over a much wider bandwidth and with more stable connectivity regardless of the wearer’s body movement and orientation. In addition, the helmet antenna has other practical advantages over the whip antenna. Thus, this helmet antenna appears to be a viable solution for many real-world applications.
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